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ABSTRACT 

Forest  managers  are  faced  with  increasingly  complex  situations  which  often  render 
existing  planning  procedures  inadequate.     Operations  research  techniques  such  as 
mathematical  programing  are  being  explored  as  possible  aids.    In  this  study,  a  mathe- 
matical programing  technique  is  used  as  the  basis  for  a  systematic  framework  for  plan- 
ning commercial  thinning  operations.    This  systematic  approach,  termed  "the  unit 
approach"  because  thinning  opportunities  are  defined  as  harvesting  units,  is  demon- 
strated, tested,  and  compared  with  existing  planning  methods  which  are  characterized 
by  the  term  "rules  of  thumb. " 

The  systematic  approach  utilizes  information  from  a  Bureau  of  Land  Management 
special  study  area  of  50,000  acres  in  western  Oregon.   The  results  show  that  the  syste- 
matic approach  provides  managers  with  an  improved  framework  for  documenting  infor- 
mation, optimizing  thinning  programs,  and  testing  the  consequences  of  different  planning 
strategies  and  situations.    Although  the  systematic  approach  did  not  yield  dramatic 
dollar  gains  in  this  study,  the  potential  for  obtaining  sizable  benefits  exists,  particularly 
in  larger,  more  complex  planning  situations.    The  major  obstacles  to  implementing  the 
unit  approach  seem  to  be  finding  or  training  qualified  people  and  the  costs  of  establish- 
ing the  system. 

KEYWORDS:  Thinning  (trees),  programing  (computers),  Douglas-fir, 
forest  management. 


INTRODUCTION 


Study  Objective 


Forest  Management  and 

Operations  Research 

Forest  managers  today  are  faced 
with  increasingly  complex  planning  situa- 
tions brought  on  by  such  factors  as  the 
growing  public  demands  on  the  forest 
resource,  the  transition  from  an  old-growth 
to  a  young-growth  forest  resource,  and  the 
need  to  increase  productivity  from  a  shrink- 
ing forest  land  base.    Many  managers  have 
found  existing  planning  procedures  inade- 
quate. 

Therefore,  foresters  are  beginning 
to  explore  a  branch  of  applied  science 
known  as  operations  research.  Operations 
research  is  a  general  term  referring  to 
a  wide  range  of  methods  with  application  to 
a  large  array  of  problems.    In  the  study 
reported  here,  emphasis  was  placed  upon 
the  particular  group  of  operations  research 
methods  commonly  referred  to  as  mathe- 
matical programing.    Mathematical  pro- 
graming methods  are  used  to  solve  manage- 
ment problems  where  it  is  useful  to  know 
the  optimal  or  "best"  solution  and  where 
managers  must  choose  from  among  a  large 
number  of  alternatives  while  being  subject 
to  a  number  of  complicating  and  sometimes 
conflicting  resource  limitations  and  other 
restrictions. 

In  this  paper,  mathematical  program- 
ing is  used  as  the  basis  for  a  systematic 
framework  for  planning  commercial  thin- 
ning programs;  however,  the  approach 
used  should  be  of  interest  for  planning 
other  forest  management  activities.  The 
intent  of  this  report  is  to  demonstrate  a 
procedure — based  upon  an  operations  re- 
search technique — that  will  be  of  some 
value  in  designing  more  efficient  systems 
for  future  forest  management  planning. 


The  objective  of  the  study  was  to 
develop,  demonstrate,  and  evaluate  a 
systematic  approach  to  planning  annual 
commercial  thinning  operations  that  could 
be  used  to  obtain  optimal  programs. 
"Optimal"  was  defined  in  terms  of  economic 
criteria.   A  further  objective  was  to  test 
the  consequences  (sensitivity  analysis)  of 
different  management  strategies  and  of 
changes  in  the  planning  situation  (e.g. , 
increases  in  stumpage  prices). 

Four  major  steps  were  required  to 
accomplish  the  objectives. 

1.  A  situation  involving  the  planning  of  an 
annual  commercial  thinning  program 
was  described  and  modeled. 

2.  An  economic  criterion  was  selected, 
and  a  mathematical  programing  proce- 
dure was  employed  to  select  optimal 
programs  and  to  conduct  sensitivity 
analysis. 

3.  A  case  study  area  was  used  to 
demonstrate  the  optimizing  approach. 

4.  The  systematic  planning  approach  was 
evaluated  to  determine  its  value  in 
current  planning  efforts. 

The  evaluation  in  step  4  was  designed 
to  answer  two  specific  questions: 

1.  How  does  the  new  planning  procedure 
compare  in  performance  and  results 
with  existing  methods  of  planning? 

2.  What  problems  are  involved  with 
implementing  the  new  approach? 

The  study  was  carried  out  in  coopera- 
tion with  the  U.  S.  Bureau  of  Land  Manage- 
ment (BLM),  with  its  Tillamook  Resource 
Area  at  Tillamook,  Oregon,  serving  as  a 
case  study  area. 


PLANNING  THINNING  PROGRAMS 

Basic  Steps  in  Planning 

A  manager  with  the  task  of  planning 
an  annual  thinning  program  has  many 
things  to  consider.    These  considerations 
are  presented  below  in  the  form  of  nine 
basic  steps  that  would  be  involved  in 
planning.    It  is  suggested  that  foresters 
intuitively,  if  not  consciously,  follow  these 
steps. 

1.  Determine  objectives.    Just  what  is 
to  be  accomplished  by  thinning? 
What  objectives  of  the  organization 
does  thinning  promote  ? 

2.  Select  criterion.    What  standards 
shall  represent  our  objectives?  Can 
we  use  a  dollar  criterion  such  as 
present  net  worth  or  benefit  cost, 

or  is.  a  standard  based  on  volume 
yield  more  appropriate? 

3.  Identify  thinning  opportunities.  —' 
What  stands  or  harvest  units  are 
available  this  year,  and  where  are 
they  located? 

4.  Evaluate  thinning  opportunities. 
What  does  each  stand  or  unit  con- 
tribute toward  the  objectives  ? 

5.  Identify  constraints.    What  are  the 
limitations  on  available  funds  and 
manpower?   Must  consideration  be 
given  to  the  number,  size,  and 
location  of  sales? 

6.  Choose  a  selection  procedure.  How 
will  the  choice  among  thinning  oppor- 
tunities be  made?   How  will  relevant 
constraints  be  accounted  for? 


7.  Select  program.    Is  the  combination 
of  thinning  opportunities  the  best? 

If  not,  is  it  workable?   Was  proper 
account  made  of  constraints? 

8.  Evaluate  change  in  basic  assumptions. 
What  is  the  effect  of  changes  in 
stumpage  prices?  discount  rates ? 
thinning  practices? 

9.  Evaluate  change  in  constraints. 
What  is  the  effect  of  changes  in 
funding?  market  locations ? 
environmental  requirements  ? 

Program  Selection  Problems 

Forest  managers  have  developed 
various  procedures  to  cope  with  the 
planning  steps  listed  above.    These  pro- 
cedures may  be  systematic  and  well 
documented  up  to  the  point  where  thinning 
opportunities  are  to  be  selected  for  inclu- 
sion in  the  program.   At  this  point,  how- 
ever, choosing  a  workable  program  may 
become  a  difficult  problem,  especially 
as  the  number  of  constraints  and  oppor- 
tunities increase. 

In  order  to  develop  workable  thinning 
plans,  foresters  generally  resort  to  a 
combination  of  intuitive  and  explicit  judg- 
ments, which  in  this  study  will  be  referred 
to  as  "rules  of  thumb.  "  Examples^  are: 

1.  Oldest  stands  are  thinned  first.  For 
example,  stands  aged  70  would 
probably  be  thinned  before  stands 
aged  60. 


1  Thinning  opportunities  are  defined  as  stands  of 
young-growth  Douglas-fir  which  could  be  thinned 
commercially.  Opportunities  may  differ  on  the  basis  of 
age,  size  class,  etc.  Later,  opportunities  will  be  defined 
as  specific  thinning  harvest  units. 


2  These  examples  were  provided  by  BLM  foresters  in 
Tillamook,  Oregon,  as  representative  of  the  considera- 
tions that  guide  the  selection  of  stands  for  thinning.  In 
the  context  of  this  study,  rules  of  thumb  should  be 
considered  as  being  undocumented  judgments  arising 
from  the  manager's  assessment  of  economic,  silvi- 
cultural,  environmental,  and  other  factors  that  bear 
upon  the  conduct  of  thinning  operations. 
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2.  Larger  diameter  classes  are  pre- 
ferred over  smaller  classes.  For 
example,  a  stand  60  years  of  age 
in  size  class  4  would  be  preferred 
to  a  stand  60  years  of  age  in  size 
class  3. 

3.  Stands  on  gentle  slopes  are  pre- 
ferred to  stands  on  steeper 
slopes. 

4.  In  general,  stands  gain  in  prefer- 
ence as  the  amount  of  road  con- 
struction required  to  develop  them 
decreases. 

5.  Stands  where  access  rights  are 
clearly  established  are  preferred 
to   stands   where    access  rights 
are  not  clear  or  not  yet  estab- 
lished. 

6.  Stands  gain  in  preference  as  their 
degree  of  basal  area  stocking 
increases. 

7.  Especially  small  thinning  tracts 
(generally  under  20  acres)  tend 
to  be  avoided  in  favor  of  larger 
tracts. 

8.  Where  property  lines  are  impor- 
tant, stands  with  established 
corners  are  preferred  to  those 
with  ill-defined  corners. 

Rules  of  thumb  like  these  have 
served  and  continue  to  serve  a  useful 
purpose  in  management  decisionmaking. 
However,  it  should  be  recognized  that, 
basically,  they  are  practical  guidelines 
developed   by   foresters   working  on 
individual  parts  of  the  thinning  program. 
Although  the  rules  may  be  very  sound 
for  particular  areas  of  the  forest, 
they  may  not  be  applicable  to  the 
whole  forest.      Consequently,  a  plan- 
ning procedure  based  solely  upon 
rules  of  thumb  may  overlook  important 
constraints,  thinning  opportunities, 
and  questions. 


OPERATIONS  RESEARCH 
APPLIED  TO 
THINNING  PROGRAM  PLANNING 

Mathematical  Programing— 
A  Problem  Solving  Procedure 

Mathematical  programing  is  a 
problem  solving  procedure  potentially 
applicable  to  solving  many  complex 
forest  management  problems  in  much 
less  time  and  with  much  more  accuracy 
than  in  the  past.—     Mathematical  pro- 
graming encompasses  several  specific 
methods  designed  for  special  problem 
situations.   One  of  the  better  known  of 
these  methods  is  linear  programing. 
Some  others  are  dynamic  programing, 
integer  programing,  and  zero-one 
integer  programing.    Zero-one  integer 
programing  was  used  as  the  basis  for  the 
planning  system  developed  for  this  study. 

Although  mathematical  programing 
methods  are  based  upon  mathematical 
theory,  some  of  the  actual  procedures, 
such  as  linear  programing,  require  only 
a  limited  background  in  mathematics. 
In  fact,  small  problems  can  be  solved 
by  hand,  using  some  of  these  procedures. 
Most  practical  problems,  however,  are 
too  large  for  hand  calculation  and  require 
electronic  computers  to  obtain  accurate 
solutions  in  a  reasonable  time. 

Although  mathematical  programing 
procedures  differ  in  their  compositions 
and  functions,  they  are  designed  for 
problems  that  share  certain  important 
characteristics.    Some  of  the  major 


3  For  readers  further  interested  in  mathematical 
programing  approaches  to  forest  management  problems, 
a  bibliography  of  such  literature  has  been  included. 
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elements  that  characterize  mathematical 
programing  problems  are  listed  below. 

1.  The  problem  to  be  solved  requires 

a  "best"  answer  or,  in  mathematical 
programing  terms,  optimization. 
In  order  to  achieve  this,  one  manage- 
ment objective  is  specified  for  opti- 
mization (either  maximization  or 
minimization),  a  criterion  is  chosen 
to  represent  the  objective,  and  all 
opportunities  are  evaluated  in  terms 
of  this  criterion. 

Examples  of  possible  managerial 
objectives  as  they  might  apply  to 
thinning  program  planning  are: 

a.  Maximize  both  present  and  future 
returns  to  the  investment. 

b.  Minimize  annual  costs  of  thinning 
sales  preparation. 

c.  Maximize  average  annual  volume 
yields  on  the  forest  through 
thinning. 

2.  There  are  constraints  on  the  opera- 
tions and  on  the  resources  at  the 
manager's  disposal.    For  example: 

a.  There  are  limitations  on  the  level 
of  expenditures  permissible  on 
thinning  sale  preparation. 

b.  A  ceiling  is  placed  on  the  volume 
that  can  be  harvested  through 
thinning. 

c.  Thinning  sales  must  be  scattered 
around  the  forest  to  avoid  adverse 
environmental  effects. 


no  fewer  than  10  sales, 
c.  Those  that  require  specific  levels, 
e.g.,  the  thinning  program  will 
consist  of  exactly  10  sales. 

3.  The  manager  must  have  alternative 
means  of  attaining  his  objective. 
For  example,  a  manager  may  have 
100  distinguishable  thinning  oppor- 
tunities from  which  he  must  choose 
20  for  thinning  in  the  coming  year. 
The  mathematical  program  will 
select  the  optimal  combination  of 
these  opportunities  subject  to  the 
limitations  imposed  by  specified 
constraints. 

A  Planning  System 

Based  on  Harvest  Units 

In  the  planning  approach  developed 
for  this  study  (fig.  1),  a  thinning  oppor- 
tunity is  defined  as  a  harvesting  unit 
which  would  be  purchased  and  thinned  by 
one  buyer.    Managers  would  be  required 
to  determine  the  total  number  of  units 
available  in  the  planning  year  and  then  to 
select  the  best  combination  of  thinning 
units  for  inclusion  in  the  annual  plan. 

Using  mathematical  programs  such 
as  linear  programing  (LP)  to  select  the 
best  combination  of  thinning  harvest  units 
can  involve  solutions  with  fractional  units.— 1 


Constraints  can  take  one  of  three  forms: 

a.  Those  that  set  a  maximum,  e.g. , 
no  more  than  $75,  000  can  be 
spent  on  thinning  sales  prepara- 
tion. 

b.  Those  that  set  a  minimum,  e.g., 
the  thinning  program  will  contain 


4  Hall  (1967,  p.  470)  has  recognized  the  problem  of 
obtaining  solutions  stated  in  fractions  of  units  rather 
than  in  whole  units: 

Treatment  of  fractional  blocks  as  prescribed  by  LP 
solutions  is  often  impractical,  and  simple  rounding  of 
acreages  to  whole  blocks  may  invalidate  the  entire 
optimization  for  which  the  model  was  formulated. 
Efforts  to  schedule  real  blocks  of  land,  rather  than 
homogeneous  but  disconnected  acres,  require  modifi- 
cation toward  integer  programming,  where  tech- 
niques are  still  developmental. 
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Figure  1  —  The  unit  approach.  Forest 
types  eligible  for  thinning  are  divid- 
ed into  identifiable  thinning  units. 
Units  are  given  identifying  num- 
bers. Program  solutions  will  indi- 
cate which  units  should  be  thinned. 


This  means  that  the  optimal  solution  may 
be  composed  of  parts  of  logical  harvesting 
units  rather  than  whole  units.   Applied  to 
the  ground,  these  unit  fractions  may  not 
be  economical  or  even  technically  feasible 
as  harvesting  operations. 

In  order  to  eliminate  problems  of 
fractional  units,  a  mathematical  programing 
procedure  known  as  zero-one  integer  pro- 
graming was  used.  This  procedure  is  spe- 
cifically designed  to  handle  problems  requir- 
ing solutions  in  whole  units.  Basically  a 
yes  (one)  or  no  (zero)  decision  is  involved 
with  respect  to  a  particular  unit's  inclu- 
sion in  the  optimal  solution.    The  zero- one 
integer  programing  procedure  was  the 
basis  for  the  thinning  planning  approach 
hereafter  referred  to  as  the  unit  approach. 

PLANNING  COMMERCIAL 
THINNINGS  ON  THE  BLM'S 
TILLAMOOK  RESOURCE  AREA 

Application  of  the  unit  approach  was 
carried  out  in  cooperation  with  the  U.  S. 
Department  of  Interior,  Bureau  of  Land 


Management,  on  its  Tillamook  Resource 
Area  (fig.  2)  located  in  Tillamook  and 
Yamhill  Counties  and  comprising  approxi- 
mately 50,000  acres  of  young- growth 
timber.    Tillamook  Resource  Area  is  an 
administrative  subunit  of  the  BLM's  Salem 
(Oregon)  district  which,  in  addition  to 
the  usual  administrative  functions,  is 
managed  for  the  purpose  of  field  testing 
and  evaluating  the  feasibility  of  various 
land  management  methods  applicable  to 
young-growth  forests  of  the  Douglas-fir 
region  of  western  Oregon.    In  fiscal  year 
1969,  commercial  thinning  was  one  of 
the  major  timber  management  activities 
on  the  Tillamook  Resource  Area,  account- 
ing for  about  45  percent  of  a  total  timber 
harvest  of  48  million  board  feet. 

The  purpose  of  this  section  will  be  to 
describe  how  the  unit  approach  was  applied 
to  the  problem  of  selecting  an  annual  thinning 
program  for  the  Tillamook  Resource  Area. 
The  basic  steps  are  described  on  page  2. 
The  development  of  this  section  generally 
follows  these  steps  beginning  with  the 
definition  of  the  objective. 
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Preparing  the  System 

SELECTION  OF 
OBJECTIVE 
AND  CRITERION 

Each  thinning  unit  must  be  evaluated 
in  quantifiable  terms  before  it  can  be  in- 
cluded in  a  mathematical  programing  for- 
mat.   This  means  that  a  criterionmustbe 
selected  to  represent  the  contribution  of 
each  thinning  unit  to  management's  objec- 
tive.   However,  before  a  criterion  can  be 
selected  the  objective  in  thinning  must  be 
determined. 

For  the  purposes  of  this  study,  it 
was  assumed  that  the  major  objective  of 
thinning  would  be  to  increase  financial 
yields.    This  would  be  done  primarily 
through  increased  volume  and  improved 
timber  quality.    The  criterion  chosen  to 
represent  the  financial  objective  was  the 
maximization  of  present  net  worth.  Each 
unit  was  evaluated  in  terms  of  the  contri- 
bution to  present  net  worth  expected  from 
thinning  the  unit.    The  maximization  of 
present  net  worth  criterion  was  used  to 
consider  both  present  and  future  returns 
to  thinning,  and  it  was  easily  adaptable 
to  the  mathematical  programing  procedure 
used. 


over  70-percent-normal  basal  area  stock- 
ing.   It  was  necessary  to  account  for  types 
lying  within   each   unit   for  purposes  of 
evaluation.  Each  type  was  evaluated  sepa- 
rately and  weighted  by  acreage  to  obtain 
unit  evaluations. 

Forest  type  maps  were  used  to 
identify  thinnable  types  on  the  basis  of 
age  and  size  class,  and  topographic 
maps  were  used  to  distinguish  alterna- 
tives occurring  on  tracts  that  could  be 
thinned  by  tractor  yarding  methods  and 
stands  on  steeper  (over  45  percent)  ground 
that  would  require  cable  methods  of  yard- 
ing.   The  age  classes  represented  were 
30,  40,  50,  60,  and  70  years.    The  three 
size  classes  represented  were  size 
classes  2  (timber  5-  to  11-inch  d.b.h. ), 
3  (timber  11-  to  21- inch  d.b.h.),  and  4 
(timber  21  inches  and  larger  d.b.h. ). 

Units  were  specified  by  foresters 
on  the  Tillamook  Resource  Area.  The 
foresters  indicated  what  they  thought  were 
the  best  number  and  layout  of  thinning 
units  in  accessible  areas  and  provided 
information  concerning  inaccessible 
areas,  areas  with  excessive  slopes, 
roadbuilding  requirements,  and  appro- 
priate harvesting  methods. 

EVALUATION  OF  ALTERNATIVES 


IDENTIFICATION  OF  ALTERNATIVES 

A  total  of  50  units  were  identified 
as  alternatives  available  for  thinning. 
Table  1  presents  a  sample  of  five  units 
to  demonstrate  the  type  of  information 
used  to  identify  and  evaluate  units. 

The  reader  will  note  that  table  1 
includes  information  on  thinnable  type 
acreage  as  well  as  unit  acreage.  Thin- 
nable types  were  considered  to  be  conif- 
erous stands  30  to  70  years  of  age  with 


In  order  to  determine  the  returns 
from  thinning  a  particular  unit,  the  re- 
turns from  thinning  each  thinnable  type 
within  the  unit  had  to  be  calculated.  The 
returns  from  each  thinnable  type  were 
then  weighted  by  their  acreage  to  obtain 
total  returns  for  the  unit. 

Returns  for  each  thinnable  type  were 
stated  in  terms  of  per-acre  present  net 
worth  and  were  derived  from  three  steps: 
(1)  calculation  of  volumes,  (2)  calculation 
of  stumpage  values,  and  (3)  calculation 
of  present  net  worths. 
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Table  1. — Five  examples  of  the  format  and  information  used  to 
identify  and  evaluate  units  for  the  unit  approach 


Unit 

nil mn  o  v 
LIUUIU  fc: L 

Thinnable  types 

Acres 

Age 
class 

Size 
class—' 

Sloped./ 

2 

60 

3 

M 

74 

74 

4 

30 

2 

M 

2 

70 

3 

M 

28 

70 

3 

S 

51 

Q  1 

6 

70 

3 

S 

84 

84 

11 

30 

2 

M 

2 

70 

3 

M 

97 

70 

3 

S 

28 

127 

48 

60 

4 

M 

43 

40 

3 

M 

6 

60 

3 

M 

30 

—  Size  class  2  represents  timber  5-  to  11-inch  d.b.h., 
size  class  3  represents  timber   11-  to  21-inch  d.b.h.,   and  size 
class  4  represents  timber  21  inches  and  larger  d.b.h. 

2/ 

—  S  represents  slopes  over  45  percent  requiring  cable 
methods,  and  M  represents  slopes  less  than  45  percent  on 
which  tractors  can  be  used. 


1.  Calculation  of  volumes. — 
Three  categories  of  volume  data  were  re- 
quired for  each  thinnable  type.  These 
data  were  the  volume  to  be  thinned,  the 
volume  expected  at  final  harvest  in  a 
thinned  stand,  and  the  volume  expected 
at  final  harvest  in  an  unthinned  stand. 
The  volume  data  generated  for  these 
categories  were  on  a  per-acre  basis 
and  were  based  upon  data  and  assump- 
tions provided  by  the  Bureau  of  Land 
Management. 


2.  Calculation  of  stumpage  values. — 
Stumpage  values  had  to  be  derived  for 
current  thinning  operations  and  for  final 
harvest  operations  in  both  unthinned  and 
previously  thinned  stands.    These  had  to 
be  calculated  for  each  thinnable  type  on 
a  per-thousand-board-foot  basis. 

The  standard  U.  S.  Bureau  of  Land 
Management  (1967)  procedure  for  apprais- 
ing timber  sales  was  used  to  obtain  the 
stumpage  values  used  in  this  study. 


Constant  prices  and  costs  were 
assumed  for  the  projection  of  future  stump- 
age  values  of  both  thinned  and  unthinned 
final  harvest  volumes.    It  was  also  assumed 
that  price  and  cost  advantages  would  ac- 
crue to  final  harvest  yields  from  thinned 
stands  as  opposed  to  unthinned  stands, 
because  of  the  expectation  that  previously 
thinned  stands  would  be  cheaper  to  har- 
vest and  would  yield,  on  the  average, 
larger  timber  of  better  quality. 

3.    Calculation  of  present  net 
worths.  —  For  each  thinnable  type  a  per- 
acre  present  net  worth  value  was  derived. 
Per- acre  values  were  calculated  by  multi- 
plying the  volumes  per  acre  (from  step  1) 
obtained  from  thinning  and  at  final  har- 
vest by  the  appropriate  stumpage  values 
(from  step  2).    The  final  harvest  values 
were  discounted  to  the  present.    In  order 
to  obtain  net  values,  administrative  costs 
of  conducting  thinning  programs  and  the 
subsequent  final  harvests  were  deducted. 
The  basic  calculation  for  each  thinnable 
type  consists  of  subtracting  the  discounted 
final  harvest  value  if  no  thinning  is  done 
from  the  sum  of  the  value  of  thinning  in 
the  present  year  and  the  discounted  final 
harvest  value  in  a  thinned  stand  (see 
footnote  3,  table  2). 

The  results  of  the  calculation  of 
present  net  worths  are  a  per-acre  value 
assigned  to  each  type.    These  are  shown 
in  table  2.    Table  3  shows  the  thinning 
unit  values  which  are  determined  from 
the  values  in  table  2  weighted  by  the 
thinnable  type  acreages  occurring  within 
each  unit. 

FORMULATION  OF  CONSTRAINTS 

Constraints  are  limits  upon  what 
the  manager  can  do  in  seeking  his  objec- 
tive.   Constraints  can  take  the  form  of 
budget  limitations,  manpower  availability, 
allowable  cuts,  physical  limitations,  and 


operational  requirements. 

Mathematical  programing  procedures 
require  two  kinds  of  information  for  each 
constraint.    First,  a  constraint  require- 
ment must  be  set.    This  is  usually  stated 
as  some  minimum  or  maximum  level; 
e.g. ,  no  more  than  $75,000  shall  be  spent 
on  the  thinning  program  or  no  less  than 
10  million  board  feet  shall  be  harvested 
from  area  A.    Second,  each  thinning  alter- 
native must  be  evaluated  in  terms  of  these 
requirements.    In  terms  of  the  examples 
above,  thinning  unit  X  will  require  some 
portion  of  the  thinning  budget  and  will 
contribute  a  portion  of  the  volume  needed. 

Six  categories  of  constraints  were 
identified  and  used  in  planning  the  Tilla- 
mook thinning  program.  An  example  of 
each  category  is  given  below. 

1«  Controls  on  how  much  volume 
could  be  thinned.     No  more  than 
20,  700,  000  board  feet  could  be 
thinned  in  fiscal  1969. 

2.  Controls  on  how  much  money 
could  he  spent.  Approximately 
$73,000  was  provided  for  carrying 
out  a  thinning  program.  Expendi- 
tures could  not  exceed  this  budget. 

3.  Controls  on  where  volume  could 
be  thinned.     At  least  10  million 
board  feet  had  to  be  thinned  in  the 
northern  part  of  the  Tillamook 
Resource  Area. 

4.  Controls  on  which  units  could 
be  chosen.    Because  of  road  loca- 
tion requirements,  units  44  and  45 
could  not  be  sold  in  the  same  year. 

5.  Controls  on  the  number  of  units. 
No  more  than  12  thinning  units 
could  be  sold  in  fiscal  1969. 

6.  Controls  on  the  size  of  units. 
At  least  three  sales  (units)  had  to 
be  less  than  1  million  board  feet. 
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Table  2. — The  contribution  to  present  net  worth  of  thinning 

by  forest  type 


Age 
class 


Contribution 
to  present 
net  wor  thl/ 


Dollars  per  acre 


30 

2 

M 

40.13 

40 

2 

M 

189.32 

30 

3 

M 

160.46 

40 

3 

M 

330.84 

50 

3 

M 

526.45 

60 

3 

M 

675.87 

70 

3 

M 

712.67 

60 

4 

M 

804.91 

70 

4 

M 

834.22 

30 

2 

S 

21.86 

40 

2 

S 

152.22 

30 

3 

s 

128.48 

40 

3 

s 

278.77 

50 

3 

s 

453.86 

60 

3 

s 

597.25 

70 

3 

s 

644.14 

60 

4 

s 

705.61 

70 

4 

s 

757.90 

Size  class  2  represents  timber  5-  to  11-inch  d.b.h., 
size  class  3  represents  timber  11-  to  21-inch  d.b.h.,  and  size 
class  4  represents  timber  21  inches  and  larger  d.b.h. 
2/ 

—  S  represents  slopes  over  45  percent  requiring  cable 
methods,  and  M  represents  slopes  less  than  45  percent  on 
which  tractors  can  be  used. 

3/ 

—  Contribution  to  present  net  worth  (PNW)  is  made  up  of 
three  values:     value  of  thinning  in  the  present  year  (ET) , 
present  value  of  final  harvest  value  if  thinning  takes  place  in 
the  type  (RET),  and  present  value  of  final  harvest  value  if  no 
thinning  is  done  (RHW)  .     The  last  column  is  derived  from 

PNW  =  RT  +  RET  -  REW. 


Table  3. — Present  net  worth  in  dollars  for  units  available 
for  thinning  in  fiscal  year  19691/ 


Thinning 

Thinning 

Thinning 

unit 

PNWT 

unit 

PNWT 

unit 

PNWT 

number 

number 

number 

1 

36,526 

18 

198,836 

35 

46,935 

2 

49,638 

19 

32,070 

36 

32,535 

3 

29,781 

20 

44,647 

37 

31,030 

4 

52,026 

21 

128,292 

38 

166,262 

5 

45,282 

22 

99,421 

39 

35,450 

6 

53,504 

23 

25,384 

40 

80,769 

7 

61,231 

24 

42,115 

41 

53,340 

8 

109,907 

25 

121,155 

42 

36,082 

9 

89,382 

26 

3,399 

43 

57,900 

10 

30,181 

27 

55,839 

44 

82,156 

11 

87,245 

28 

116,627 

45 

66,902 

12 

78,585 

29 

31,558 

46 

41,343 

13 

81,197 

30 

49,995 

47 

56,825 

14 

53,529 

31 

82,996 

48 

58,546 

15 

54,719 

32 

36,399 

49 

23,081 

16 

35,230 

33 

50,642 

50 

17,109 

17 

142,525 

34 

17,705 

—    The  following  formula  was  used  to  determine  unit  present  net 
worth  from  thinning  (PNWT) : 
n 

Unit  PNWT  =    Z     (acres  of  type  i  x  PNWT.) 

i=l  V 


where  n  =  number  of  thinnable  types  in  a  unit. 


Operating  the  System 

SELECTING  OPTIMAL  PROGRAMS 

In  figure  3,  the  steps  involved  in 
preparing  the  system  and  in  selecting 
the  optimal  program  are  diagramed.  This 
diagram  may  be  useful  in  interpreting 


table  4,  which  shows  the  results  of  using 
mathematical  programing  to  select  an 
optimal  thinning  program  based  on  har- 
vesting units.  5/  The  optimal  solution 
was  selected  from  a  planning  problem 
involving  50  units  and  13  constraints. 


5  The  computer  program  used  for  the  solution  of  unit  approach  problems  was  obtained  from  the  Rand  Corporation. 
The  program  (Geoffrion  and  Nelson  1968)  is  a  0-1  integer  linear  programing  code,  referred  to  as  RIP30C.  The  code  will 
handle  up  to  90  variables  and  50  constraints.  Readers  interested  in  the  background  of  this  code  should  refer  to  Balas' 
(1965)  original  development  of  the  0-1  algorithm,  Petersen's  (1967)  experience  in  testing  variants  of  Balas'  algorithm, 
and  Geoffrion's  (1967,  1969)  work  which  led  to  the  development  of  RIP30C.  The  0-1  integer  program  was  run  on  a 
CDC  6400. 


11 


lanaqement  objective: 
Maximize  present  net  worth  criterion 


Thinning  units  available 


Unit 
number 

1 

2 
3 
4 

5 


Acres 

141 

74 
42 
81 
106. 


Optimal  thinning  program 


Mathematical 

programing 

procedures 

Units 
selected 

2 
21 
22 
23 


Acres 

74 
187 
146 

37 


50 


62 


Constraints 


Budget  <  $75,000 
Volume  quota  <.  20  million  board  feet 
Number  of  sales  _>  15 


Figure  3.— Example  of  major  elements  of  a  unit  approach  framework. 


Table  4,  along  with  figure  3,  gives 
a  good  overall  view  of  the  unit  approach 
as  discussed  to  this  point.    Elements  of 
both  the  selection  process  and  the  prepa- 
ration process  are  shown  in  the  table. 
Information  concerning  the  solution  to  the 
optimal  program  is  given  in  column  1 
where  the  units  selected  are  shown  and 


in  the  total  row  of  column  2  where  the 
total  value  of  the  program  is  shown.  The 
numbers  in  columns  2  and  4  through  6  are 
inputs  to  the  system.    They  are  developed 
in  the  preparation  phase,  as  are  the  con- 
straint requirements  shown  in  the  bottom 
row. 
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Notice  that  the  numbers  in  the  total 
row  do  not  exceed  the  constraint  require- 
ments.   The  mathematical  programing 
procedure  assures  that  stated  constraint 
requirements  are  not  violated. 

EVALUATING  CHANGES  IN  THE  PLAN 

Managers  and  planners  can  learn  much 
about  the  important  factors  influencing  the 
selection  of  a  thinning  program  by  using  a 
process  known  as  sensitivity  analysis.  In 
general,  sensitivity  analysis  involves  deter- 
mining the  degree  of  change  in  the  optimal 
value  of  a  program  resulting  from  a  change 
in  program  inputs;  e.  g. ,  changes  in  con- 
straint requirements  and  evaluation  assump- 
tions. Sensitivity  analysis  can  also  exam- 
ine changes  in  program  composition;  i.e. , 
changes  in  the  number  and  location  of 
harvesting  units.  With  information  pro- 
vided by  sensitivity  analysis,  managers  may 
learn  which  inputs  have  the  greatest  in- 
fluence on  the  organization's  objectives. 

Changing  Constraint  Requirements 

Suppose  the  forest  manager  is  inter- 
ested in  the  effects  of  changing  some  of 
the  constraint  requirements  shown  in  the 
bottom  row  of  table  4.    In  rule- of- thumb 
planning,  the  manager  can  speculate 
about  what  might  happen  if  the  require- 
ments were  changed,  but  normally  he 
doesn't  have  the  time  or  resources  to 
recompute  the  whole  thinning  program  in 
order  to  find  out  exactly  what  would  happen. 
Using  a  mathematical  programing  proce- 
dure, the  manager  can  obtain  a  recom- 
puted program  in  much  less  time  than 
would  be  possible  with  hand  calculations. 
As  with  the  original  solution,  the  recom- 
puted solution  would  also  be  optimal,  only 
now  based  on  the  changed  constraint  re- 
quirements.  An  illustration  taken  from 
the  case  study  will  serve  to  demonstrate 
this  procedure. 


Suppose  the  forest  manager  is  con- 
cerned about  the  figures  shown  in  the  total 
and  constraint  requirements  rows  of 
column  4  in  table  4.   He  observes  that 
if  the  optimal  solution  in  table  4  is  followed, 
only  19,474,000  board  feet  will  be  thinned. 
This  is  well  below  the  maximum  allowed, 
which  is  20,  700,  000  board  feet.    He  may 
not  be  satisfied  with  this  optimal  program, 
feeling  that  volume  thinned  should  be  sub- 
stantially closer  to  the  maximum  allowable. 
What  can  he  do?   He  can  examine  each 
constraint  requirement  to  determine  which 
are  limiting;  i.e. ,  which  constraints  pre- 
vented additional  units  from  being  taken 
and  thus  prevented  the  total  thinning  vol- 
ume from  being  higher. 

Table  4  shows  that  total  sales  layout 
costs  are  only  $500  less  than  the  con- 
straint requirement  of  $73,000,  thus 
indicating  that  this  constraint  may  be  the 
one  most  limiting  the  optimal  solution. 
If  insufficient  sales  layout  funds  are  re- 
sponsible for  failure  to  attain  the 
20,  700,  000  board-foot  level,  how  much 
additional  funding  is  needed?   In  order 
to  determine  this,  the  sales  layout  cost 
requirement  of  $73,000  can  be  dropped, 
i.  e. ,  there  will  be  no  limits  on  what  can 
be  spent  for  sales  layout  costs.    The  pro- 
gram is  run  again  and  a  new  optimal 
solution  is  obtained.    The  results  are 
shown  in  table  5. 

This  analysis  shows  that  insufficient 
funding  was  responsible  for  the  failure  to 
obtain  a  harvest  of  20,  700,  000  board  feet, 
and  that  almost  $6,000  in  additional  fund- 
ing would  be  required  to  obtain  this  har- 
vest level.    The  additional  funding  would 
raise  the  total  program  value  by  over 
$45,000  and  would  decrease  engineering 
(road  layout  and  design)  costs  slightly. 
Engineering  costs  decreased  because 
three  units  shown  in  table  4  were  replaced 
by  units  requiring  less  engineering  work. 
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Table  5. — Comparison  of  two  optimal  thinning  programs  with  differences  based 
on  availability  of  funds  for  sales  layout 


Sales  layout 
funding  level 

Volume  thinned 

Sales  layout 
costs 

Engineering 
costs 

Present  net  worth 
value  of  program 

Number 
of  units 

Thousand 

 Dollars  

board  feet 

(A)  $73,000  limit 

19,474 

72,499 

2,889 

1,117,757 

17 

(B)  No  limit 

20,677 

78,376 

2,766 

1,162,839 

19 

Difference  (B  -  A)  +1,203 

+5,877 

-123 

+45,082 

+2 

The  preceding  example  involved  only 
one  question  and  one  test.    Other  questions 
could  have  been  asked  and  tested;  e.g. , 
What  would  be  the  result  of  a  reduction 
in  funding?  What  would  be  the  effect  on 
program  value  if  harvest  units  had  to  be 
more  widely  dispersed  because  of  esthetic 
or  environmental  considerations? 

There  is  great  potential  in  these 
procedures  for  obtaining  quick  answers 
to  questions  that  often  come  up  in  the 
course  of  planning  forest  management 
programs.    Mathematical  programing 
procedures  may  also  encourage  managers 
to  ask  questions  that  have  been  ignored  or 
overlooked  before,  simply  because  there 
was  no  easy  way  to  obtain  answers. 

Changing  Assumptions 

Obtaining  present  net  worth  values 
for  thinning  harvest  units  requires  a  num- 
ber of  assumptions  about  stumpage  prices, 
the  results  of  thinning,  and  management 
practices.    Some  of  the  assumptions  in 
this  study  were: 

1.    Stumpage  prices  used  to  evaluate 

thinning  units  reflected  price  and 

cost  conditions  existing  during  the 

spring  of  1968. 


2.  Final  harvest  cutting  age  was 
assumed  to  be  80  years. 

3.  Because  of  anticipated  timber  quali- 
ty improvements  and  lowered 
logging  costs  in  thinned  as  opposed 
to  unthinned  stands  at  the  time  of 
final  harvest,  a  $10-$12  stumpage 
price  advantage  was  assumed  for 
thinned  stands. 

4.  Thinning  would  remove  from  20  to 
30  percent  of  the  basal  area  of  the 
stand,  depending  on  stand  age 
(youngest  stands  were  cut  at  30 
percent,  oldest  at  20  percent). 

5.  A  discount  rate  of  4-5/8  percent 
was  used,  reflecting  the  recom- 
mended rate  for  this  type  of  govern- 
ment investment  at  the  time. 

Each  of  these  assumptions  requires 
the  specification  of  numbers.  What 
happens  if  the  numbers  are  wrong  or  if 
they  change?   How  will  program  values 
and  composition  be  affected  by  errors 
or  changes;  i.e.,  how  sensitive  are  the 
results  of  the  program  to  variations  in 
the  assumptions?   Mathematical  program- 
ing can  be  used  in  helping  to  determine 
just  how  crucial  some  of  these  assump- 
tions are. 
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For  example,  what  would  be  the 
effect  on  program  value  and  composition 
if  1970  stumpage  prices  and  discount 
rates  were  used  in  place  of  1968  values? 
This  question  was  tested  using  the  proce- 
dures developed  in  the  unit  approach.  The 
results  showed  a  25-percent  decrease  in 
program  value,  but  no  change  in  the  units 
making  up  the  program.    Tests  involving 
the  other  assumptions  were  also  conducted. 
In  some  instances,  changes  were  dramatic 
in  both  program  value  and  composition, 
indicating  that  these  assumptions  might 
be  critical  to  the  success  of  the  planning 
effort.    Information  developed  from  these 
sensitivity  tests  will  show  the  manager 
where  the  greatest  care  must  be  taken  in 
formulation  of  assumptions  and  collection 
of  data. 

Before  managers  can  use  mathe- 
matical programing  to  test  changes  in 
assumptions,  an  additional  computation 
is  necessary — new  present  net  worth  unit 
values  are  developed  each  time  a  change 
in  assumptions  takes  place.    This  can  be 
a  tedious  process;  thus  it  is  desirable  to 
computerize  these  procedures  if  possible. 
A  computer  program  was  developed  in 
this  study  for  use  in  generating  new 
present  net  worth  values  for  each  unit. 
This  program  can  be  considered  an 
integral  part  of  the  unit  approach,  and 
it  plays  a  vital  role  in  obtaining  rapid 
answers  to  questions  involving  assump- 
tions. 

EVALUATING  THE  SYSTEM 

Effectiveness  of  the  Unit  Approach 

This  study  was  designed  to  develop 
and  test  a  new  planning  approach  that 
could  be  useful  to  forest  managers  work- 
ing with  complex  planning  problems.  Use- 
fulness was  interpreted  as  the  effectiveness 
of  the  unit  approach  in  (1)  providing 


information  for  the  basic  planning  steps 
shown  on  page  2,  (2)  organizing  infor- 
mation in  a  systematic  manner  that 
accounts  for  management's  objectives, 
alternatives,  and  constraints,  and 
(3)  documenting  information  so  that 
there  is  a  record  of  all  important  infor- 
mation of  the  plan. 

The  effectiveness  of  the  unit  approach 
was  compared  both  with  existing  planning 
procedures,  as  found  on  the  Tillamook 
Resource  Area,  and  with  systematic  plan- 
ning procedures  that  would  incorporate 
all  the  steps  of  the  unit  approach  except 
those  using  mathematical  programing. 
The  comparisons  are  summarized  in 
table  6. 

EFFECTIVENESS  IN 
PREPARING  THE  SYSTEM 

Table  6  shows  that  the  unit  approach 
was  more  effective  than  existing  methods 
in  documenting  information  in  a  systematic 
form.    However,  the  table  also  shows  that 
existing  planning  procedures  could  be 
modified  to  provide  the  same  kind  of  infor- 
mation.   In  other  words,  mathematical 
programing  procedures  are  not  necessary 
to  obtain  documented  systematic  informa- 
tion for  the  first  four  steps  of  table  6. 
The  same  information  could  be  obtained 
by  management's  careful  consideration 
of  objectives,  alternatives,  and  constraints 
without  any  intention  of  using  a  mathe- 
matical program  to  obtain  an  optimal 
solution.    However,  although  mathematical 
programing  procedures  are  not  necessary 
for  collecting  documented  planning  infor- 
mation, their  use  does  provide  a  ready- 
made  systematic  framework  for  organizing 
and  interpreting  information  often  lacking 
in  planning  systems  based  on  rules  of 
thumb.    Within  this  framework,  objectives 
must  be  defined  first.   After  objectives 
are  defined  and  criteria  specified,  the 
kinds  of  information  required  are  relatively 
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Table  6. — Comparative  effectiveness—'  of  three  approaches  to  planning 
thinning  programs  in  relation  to  the  major  planning  steps 


Major  steps  in 
planning  thinning  programs 


Existing 
planning 
procedures 


Systematic  planning 
procedures  not  using 
mathematical  programing 


Unit 
approach 


Specifying  objectives  and  criteria 

Identifying  and  locating  thinning 
units 

Evaluation  of  thinning  units  in 
terms  of  criterion 

Consideration  of  all  relevant 
constraints 

Selection  of  optimal  program — Is 
it  the  best  one? 

Evaluate  consequences  of  changing 
constraints  and  assumptions 
(sensitivity  analysis) 


—    Effectiveness  is  indicated  by: 
xxx  -  Approach  provides  systematic,  documented  information  that  essentially  fulfills 
management's  needs  for  preparing  a  thinning  plan. 

xx  -  Approach  provides  systematic,  documented  information  but  important  elements 
may  be  left  out. 

x  -  Approach  provides  information  mainly  in  an  intuitive  way,  or  not  at  all. 
Although  management  gets  some  of  the  needed  information,  there  is  no 
documentation  nor  way  to  verify  results. 


easy  to  identify  and  document.  Without 
such  a  framework,  important  alternatives 
and  constraints  may  be  overlooked.  Also, 
documentation  may  be  incomplete  and 
poorly  organized,  thus  reducing  the  effec- 
tiveness of  available  information  either  as 
support  for  the  current  plan  or  as  a  basis 
for  future  planning. 

The  cost  of  adopting  more  systematic 
planning  methods  is  probably  their  major 
disadvantage.    In  the  study  reported  here, 
approximately  2  man- months  were  required 
to  put  together  the  information  included 
in  the  first  four  steps  of  table  6.  This 
study  involved  only  the  planning  of  thinning 
operations  on  a  50,000-acre  tract  of 
young- growth  timber.    Planning  of  pro- 
grams involving  larger  areas  and  more 


activities  would  obviously  require  more 
manpower.    On  the  brighter  side,  once 
the  system  is  set  up,  a  substantial  portion 
of  the  cost  would  not  need  to  be  repeated. 
The  major  cost  in  subsequent  years  would 
be  in  updating  the  system. 

EFFECTIVENESS  IN  SELECTING 
THINNING  PROGRAMS 

Mathematical  programing  was  used 
to  select  optimal  thinning  programs;  i.e.  , 
programs  which  could  not  be  improved 
upon  in  terms  of  the  original  objective, 
alternatives,  and  constraints.    If  the 
program  could  be  improved  upon,  then 
somewhere  in  the  preparation  stage, 
objectives,  alternatives,  and  constraints 
were  not  completely  or  correctly  specified. 
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If  managers  are  provided  with 
optimal  programs,  there  are  at  least  two 
ways  these  programs  could  be  used.  The 
optimal  program  could  be  adopted  directly 
as  the  plan  or  it  could  be  used  as  a  stan- 
dard against  which  programs  developed 
by  rules  of  thumb  could  be  checked.  In 
the  latter  approach,  if  rule-of-thumb 
program  values  closely  approached  opti- 
mal standard  values,  managers  might  be 
content  to  leave  the  program  unchanged. 
If,  however,  large  discrepancies  appeared, 
managers  would  probably  want  to  know 
the  reason. 

Comparing  results  of  using  the 
rule-of-thumb  selection  method  with 
results  of  using  the  mathematical  program- 
ing method  showed  that  the  mathematical 
programing  planning  procedure  produced 
thinning  programs  that  ranged  from  1  to 
7  percent  higher  in  value  (present  net 
worth)  than  programs  based  on  existing 
rule-of-thumb  procedures,  depending  on 
the  assumptions  used.    The  7-percent 
improvement  was  obtained  on  a  program 
valued  at  nearly  $1,200,000  (based  on 
rule  of  thumb)  and  amounted  to  $82,000. 

Improvements  were  not  dramatic, 
but  this  may  have  been  due  to  the  size 
and  characteristics  of  the  study  area. 
The  Tillamook  Resource  Area  has  a  rela- 
tively small  area  compared  with  many 
management  districts,  and  the  forest  is 
relatively  uniform  in  age.    These  factors 
may  have  resulted  in  a  smaller  number 
of  alternatives  and  constraints  and  thus 
a  simpler  problem.    Larger  areas  with 
greater  variability  in  timber  types  would 
probably  show  a  wider  range  of  alterna- 
tives and  constraints  and  thus  more 
dramatic  improvements  with  mathematical 
programing. 

The  major  costs  of  obtaining  an 
optimal  program  involve  preparing  the 
inputs.    This  was  discussed  in  the 


preceding  section.    Once  the  objective, 
criterion,  alternatives,  and  constraints 
are  all  specified  and  evaluated,  the 
additional  cost  of  obtaining  an  optimal 
solution  is  relatively  small.   In  this  study, 
optimal  solutions  were  obtained  for  less 
than  $5  each  in  computer  time  and  cleri- 
cal help  (mainly  keypunching). 

EFFECTIVENESS  EST  TESTING 
CONSTRAINTS  AND  ASSUMPTIONS 

Managers  in  charge  of  planning 
thinning  programs  must  often  proceed 
with  one  basic  set  of  assumptions  that 
represents  a  best  guess.  Although 
managers  might  have  questions  concern- 
ing the  outcomes  of  alternative  assump- 
tions, they  normally  have  no  mechanism 
by  which  to  get  answers  at  reasonable 
cost.    Lack  of  answers  can  lead  to 
embarrassment  if  overcutting  results, 
certain  market  areas  are  overlooked,  or 
funds  or  manpower  fall  far  short  of  needs. 
With  the  systematic  approach  and  speed 
of  analysis  possible  with  mathematical 
programing,  many  of  these  problems  may 
be  avoided  by  obtaining  answers  to  antici- 
pated problems  well  in  advance  of  their 
occurrence.    For  example,  if  a  decrease 
in  program  funding  is  anticipated,  the 
effect  of  this  on  the  value  and  composition 
of  the  program  can  be  ascertained  and 
plans  can  be  made  to  minimize  the  impact. 

Evaluating  constraint  changes  usually 
involves  no  more  than  changing  a  few 
input  cards  and  then  obtaining  a  new  opti- 
mal solution.    The  cost  of  this  process 
was  the  cost  of  optimal  solution — no  more 
than  $5. 

Evaluating  changes  in  assumptions 
required  a  special  computer  program  to 
generate  new  present  net  worth  values 
with  each  new  assumption.    The  cost  of 
generating  each  new  set  of  values  was  no 
more  than  $3.    Add  to  this  the  $5  cost  of 
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an  optimal  program,  and  the  total  cost 
of  evaluating  a  change  in  assumptions 
was  no  more  than  $8. 

Implementing  the  Unit  Approach 

The  unit  approach  was  effective  in 
executing  the  planning  steps  assigned  to 
it  in  the  case  study.    Yet,  this  study  was 
just  one  trial.    Much  remains  to  be  done 
before  the  unit  approach  or  any  other  oper- 
ations research  system  becomes  an 
integral  part  of  the  forest  planning  process. 

Probably  the  major  difficulty  in 
implementing  systems  based  on  operations 
research  is  the  fact  that  most  forest 
managers  are  unfamiliar  with  the  prin- 
ciples and  techniques  involved.  This 
means  that  before  progress  can  be  made 
in  applying  these  systems  to  practical 
planning  problems,  planners  and  managers 
will  have  to  receive  some  training  in 
operations  research  and  specialists  will 
have  to  be  consulted  or  added  to  planning 
staffs.    This,  of  course,  will  involve 
commitments  of  time  and  money,  often 
well  in  advance  of  any  benefits. 

Further  implementation  difficulties 
can  be  expected  in  obtaining  solutions  for 
large-scale  planning  situations.  For 
example,  the  computer  program  used  in 
this  study  could  handle  up  to  90  units  and 
50  constraints.    This  was  perfectly  ade- 
quate for  a  case  study  involving  50  units 
and  no  more  than  20  constraints.  How- 
ever, if  the  unit  approach  had  been  applied 
to  a  larger  planning  area,  or  if  long-range 
planning  had  been  involved  instead  of  an 
annual  plan,  the  limits  of  the  computer 
program  could  have  been  exceeded.  In 
such  a  situation,  a  program  capable  of 
handling  larger  scale  problems  would 
have  to  be  found.    Larger  scale  problems 
also  can  be  expected  to  add  to  the  costs 
of  solution;  however,  the  added  complexity 


of  such  problems  would  probably  increase 
the  value  of  having  an  optimal  solution. 

CONCLUSIONS 

This  study  demonstrated  that  a 
workable  planning  system  (the  unit 
approach)  could  be  developed  from  opera- 
tions research  techniques  and  could  be 
applied  to  planning  thinning  operations. 
The  principles  of  mathematical  program- 
ing were  used  as  a  systematic  framework 
to  guide  the  organization  and  documenta- 
tion of  information,  and  the  optimization 
procedures  were  used  to  obtain  optimal 
programs  under  varying  assumptions 
and  constraint  conditions. 

Although  program  values  were  not 
dramatically  improved,  use  of  the  unit 
approach  did  provide  (1)  a  systematic 
overview  of  the  planning  situation,  (2) 
guidelines  for  organizing  information, 
(3)  more  thorough  documentation,  (4) 
an  optimal  program  which  could  serve  as 
a  standard  for  rule-of-thumb  programs 
or  be  used  as  the  actual  program,  and 
(5)  the  means  of  answering  many  different 
planning  questions. 

Costs  were  highest  in  preparing 
inputs  to  the  unit  approach.    The  major 
effort  in  preparation  was  in  organizing 
and  documenting  information  already  at 
hand  into  a  form  that  could  be  used  in  the 
optimization  program.    The  costs  of  ob- 
taining optimal  programs  were  relatively 
low  compared  with  preparation  costs. 

This  study  represents  an  effort  to 
bring  systems  analysis  and  the  techniques 
of  operations  research  to  a  phase  of  the 
management  of  young-growth  Douglas-fir. 
The  ultimate  value  of  these  methods  to 
forest  resource  planners  is  hard  to  assess, 
but  the  potential  value  of  these  methods 
as  aids  to  management  seems  too  great 
to  ignore.    With  managers  facing  increasing 
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and  conflicting  demands  on  the  forest 
resources  in  combination  with  the  need 
for  greater  productivity  and  efficiency, 


now  seems  an  opportune  time  to  begin 
wider  experimentation  and  even 
implementation  of  these  methods. 
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The  mission  of  the  PACIFIC  NORTHWEST  FOREST 
AND  RANGE  EXPERIMENT  STATION  is  to  provide  the 
knowledge,  technology,  and  alternatives  for  present  and 
future  protection,  management,  and  use  of  forest,  range,  and 
related  environments. 

Within  this  overall  mission,  the  Station  conducts  and 
stimulates  research  to  facilitate  and  to  accelerate  progress 
toward  the  following  goals: 

1.  Providing  safe  and  efficient  technology  for  inventory, 
protection,  and  use  of  resources. 

2.  Development  and  evaluation  of  alternative  methods 
and  levels  of  resource  management. 

3.  Achievement  of  optimum  sustained  resource  produc- 
tivity consistent  with  maintaining  a  high  quality  forest 
environment. 

The  area  of  research  encompasses  Oregon,  Washington, 
Alaska,  and,  in  some  cases,  California,  Hawaii,  the  Western 
States,  and  the  Nation.  Results  of  the  research  will  be  made 
available  promptly.  Project  headquarters  are  at: 

Fairbanks,  Alaska  Portland,  Oregon 

Juneau,  Alaska  Olympia,  Washington 

Bend,  Oregon  Seattle,  Washington 

Corvallis,  Oregon  Wenatchee,  Washington 
La  Grande,  Oregon 
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The  FOREST  SERVICE  of  the  U.  S.  Department  of  Agriculture 
is  dedicated  to  the  principle  of  multiple  use  management  of  the 
Nation's  forest  resources  for  sustained  yields  of  wood,  water, 
forage,  wildlife,  and  recreation.  Through  forestry  research,  co- 
operation with  the  States  and  private  forest  owners,  and  man- 
agement of  the  National  Forests  and  National  Grasslands,  it 
strives  —  as  directed  by  Congress  —  to  provide  increasingly  greater 
service  to  a  growing  Nation. 


